Sperm cells were isolated from corn (Zea mays L.) tricellular pollen gains. They were released using a light osmotic chock, and separated from pollen contaminants (especially starch grains) by a Percoll gradient centrifugation. Isolated sperm cells (3 x 10' per milliliter) show a high viability score (90%) as demonstrated with the fluorochromatic reaction. They appeared as spherical cells which lack cell wall and plastids, and can be considered as haploid protoplasts.
In angiosperms, sperm cells are formed either in the pollen grain (tricellular pollen) or in the pollen tube during germination (bicellular pollen). In tricellular pollen grains, sperm cells are included within the vegetative cell and housed in a complex pollen wall. This organization of sperm cells poses difficult problems for their isolation and further manipulation. To induce strictly controlled in vitro gametic fusion, we need isolated viable plant gametes. To this end, viable eggs from isolated embryo sacs have been obtained by enzymic treatment (8) . The first attempt to isolate pollen grain components was realized by Lafountain and Mascarenhas (5) . These Light Microscopy Controls. Throughout the isolation procedure, sperm cells were examined with phase contrast or fluorescent microscopy. Sperm cells were counted using 0.05% ethidium bromide in the isolation medium. Sperm cells could also be observed using phase contrast combined with fluorescence microscopy (6) .
Yield of Sperm Cells. The number of pollen grains was estimated at 2500 grains/mg. The initial number of sperm cells was represented by the total weight of pollen (in mg) multiplied by 2500 and by 2 (two sperm cells per pollen grain). The 
RESULTS
Isolation of Sperm Cells. The new procedure described Figure  la for the isolation of sperm cells from corn pollen, yielded on the average 3 x 106 cells/ml. Yield of isolated sperm cells was 20%. The light osmotic shock allowed the pollen grains to burst without damaging the sperm cells (Fig. lb) . After filtration (fraction 2), cell walls have been eliminated (Fig. lc) . During Percoll gradient centrifugation, sperm cells concentrate in the 15% Percoll layer (fraction 3) whereas starch grains form a pellet. After isolation (fraction 4), they appeared as individual spherical cells with an average diameter of 10 ,um (Fig. 1, d , e, f, and Fig.  2 ), whereas they are paired and have an irregular shape during the early steps of isolation.
Viability of Sperm Cells during Isolation. The percentage of viable sperm cells obtained increased during the isolation procedure and reached 90% in the final fraction (Fig. 3) Figure 1d are dead cells. Their fluorescence is more diffuse than the one of viable cells and they are not visible with light microscopy (Fig.  leXx130) . f, Phase contrast microscopy of isolated sperm cells. They appeared as individual spherical cells with an average diameter of 10 ,um (x 1500).
after isolation, 50% of sperm cells remained FCR+ in the isolation medium.
Integrity of Isolated Sperm Cells. As observed with transmission electron microscopy in ultathin sections (Fig. 2a) , isolated sperm cells are only surrounded by a single plasma membrane, which is continuous and intact. The cytoplasm contains vacuoles, endoplasmic reticulum, ribosomes, and mitochondria. The nucleus is surrounded by a well structured nuclear envelope and is often curved and bilobed. Chromatin is either dispersed or not dispersed, according to the cells examined.
DISCUSSION
Previous failure to isolate sperm cells from various species has been due to a combination of factors such as the difficulty to disrupt pollen cell walls, the fragile nature ofthe sperm cells, and mainly the presence of numerous contaminants. A procedure to isolate corn (Z. mays) sperm cells is described in Figure la (Figs. If, and 2 ), is free of starch grains and of any contaminants according to the light and to the scanning electron microscopy observations (Figs. 1, d , e, f, and 2b). However, some nuclei and cytoplasmic organelles are found in this fraction when observed with transmission electron microscopy. These contaminants may not only be due to the isolation procedure but also to the disruption of sperm cells during sample preparation. At the ultrastructural level we can note that proplastids or plastids are not present in corn sperm cells (Fig. 2a) but failure to detect them does not necessarly indicate their absence. Proplastids are often difficult to distinguish from mitochondria. They have been previously demonstrated in other species and their presence and distribution in the two sperm cells raises the question of paternal cytoplasmic inheritance during fertilization (1 1). In each sperm cell a typical nucleus is visible whose chromatin is either dispersed or condensed. The appearance of chromatin is often related to a specific physiological state (2, 7). In these isolated sperm cells, are there two physiologicaly different populations? No data is yet available to answer this question. Confirmation of this possibility may support the concept relative to the dimorphic nature of the two pollen sperm cells and the possible preprogrammed double fertilization (3, 9) . Further studies are needed to progress in this field.
Tests of sperm cell viability (Fig. 3) show that the percentage of viable sperm cells increases from the beginning to the end of the isolation process. This observation suggests that a cell selection occurs during the isolation procedure. As the FCR test is based on plasma membrane integrity and presence of functional esterases, two hypotheses can be proposed. Sucrose used to maintain cell integrity may modify the density of dead cells whose plasma membrane is altered and/or dead cells may be quickly destroyed. Consequently, their localization along the gradient changes, and viable cells are recovered preferentially in the 15% Percoll layer. In addition, we observed that 20 h after isolation, 50% of the isolated sperm cells remained viable in the isolation medium. In tricelled pollen grains, the sperm cells are embedded in the inner vegetative membrane and are in contact with the vegetative nucleus. In some species it has been shown that when the pollen grain bursts, two sperm cells and the vegetative nucleus-the so called male germ unit (MGU) (3)-can be observed as a whole (6) In conclusion, the new technical procedure presented in this paper offers the possibility to work with numerous viable isolated sperm cells, which appear as haploid protoplasts. Studies relative to the characterization of these sperm cells are currently in progress in our laboratory, especially establishment of monoclonal antibodies raised against sperm cell membranes, is order to elucidate sperm cell dimorphism and the control of double fertilization. 
